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[57] ABSTRACT

A circuit for controlling the power supply to an elec-
trode of the shielded type, such as that used in a
shielded metal arc welding process (SMAW) whereby
to protect a user from electric shocks. The control cir-
cuit 1s a protection circuit which serves to protect weld-
ers against electric shocks by decreasing the circuit
voltage between the electrode tip and the workpiece to
be welded. An AC or DC power supply may be used to
feed the electrode. The control circuit is comprised of a
high impedance voltage source applied to the electrode,
a detection circuit for determining the level value of the
impedance appearing between the electrode and the
workpiece. The detection circuit compares the impe-
dance thus detected with a threshold impedance and
generates a control signal when the detected impedance
1s lower than the threshold impedance. The control
signal operates a driver circuit which energizes a power
feed device serially connected between the electrode
power supply and the electrode itself. The predeter-
mined threshold impedance value is set at about 500
ohms whereby a wet human body will not be subjected
to an electric shock by contacting the electrode and the
workpiece simultaneously.

16 Claims, 3 Drawing Figures

WELDING ELECTRODE

L. |G
LD

D 175
LED
[~ W7 o'

7EST

+ 15V

WO RK FPIECE

VOLTAGE CONTROL add-orn CIRCUIT FOR WELDING
FOWER SUPFPLIFS '



4,514,615

Sheet 1 of 2 _

U.S. Patent Apr. 30, 1985

ST/ 7dINS & IMOS -
ONITTIM YOS LINIY/D U0-LPD TOYINOI F9V.LT0/

FI7/d HHOM

T ==T

FT0HLITTT INITTIM



U.S. Patent Apr.30,1985  Sheet2of2 4,514,615

FOWER : .
- DA

AC FEEDING
C/IRCY/7 —7
- WELDING
- _DI—' ELECTROVE
DPETECTION

AND DRIVER

Loy, CIRCUIT
Lo X/
WORK PIECE
AC” pa ' WELDING
08 ELECTROOE
> % .
L POWER
| FEFOING .
CIRCUIT
09~ R 070

DETECTION

| ANO ORIVER
| c/ircurr

WORH F/E' CE



4,514,615

1

PROTECTION CIRCUIT AGAINST ELECTRIC
SHOCKS DURING WELDING

This application is a continuation of application Ser.
No. 360,560 filed Mar. 22, 1982, now abandoned.

BACKGROUND OF THE INVENTION

]. Field of the Invention

The present invention relates to a c:1rcu1t for control-
hng the power supplied to an electrode of the shielded
type as used in an electric arc welder device. These
shielded electrodes are well known in the art as being
solid flux covered metal electrodes used in shielded
metal arc welding process (SMAW). Such a power
control protects welders against electric shocks in limit-
ing the open circuit voltage between the electrode and
the workpiece to be welded to a safe level.
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In welding operations, welders who have to work

with electric arc electrodes which require a rather high
starting voltage are quite commonly subjected to elec-
tric shocks, particularly when the welding operation is
effected in a damp environment, such as on hydraulic
turbines, 1n tanks or basins, in water cooling systems,
where it 1s extremely difficult to obtain adequate elec-
tric insulation between the welder and the grounded
workpiece or electrode holder. It has been observed
that electric shocks frequently occur and are strong
enough to mnflict in the welder a nervous repulsive feel-
Ing against electric shocks, although these shocks usu-
ally do not result in severe injuries. A feature of the
present mnvention generally resides in eliminating elec-
tric shock hazards by controlling the open circuit volt-
age of the electrode-workpiece assembly, such a volt-
age corresponding to that necessary for starting the
electric arc.

2. Description of Prior Art

It 1s known that there exists a high probability of

electric shocks when the arc starting voltage, usually of
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about 80 volts, 1s developing in the open circuit formed 40

between the electrode and the workpiece. When
started, the electric arc is maintained burning under a
much lower voltage ranging from about 15 to 30 volts.
To reduce electric shock hazards associated with high

open circuit voltage, there was proposed various types 45

of manually or automatically operated circuits incorpo-
rating mechanical contactors, the main function of
which was to disconnect the electrode from the power
supply when the electric arc was off. However, those
mechanical contactors suffer from a major drawback, in
that they have a low time response. None of the sug-
gested circuits have ever offered a reliable and efficient
answer to the security problems associated with the use
of electric arc electrodes. Thus, the prior art circuits
have never achieved acceptance among welders.

SUMMARY OF THE INVENTION

Another feature of the present invention is to provide
a control circuit wholly made up of electronic compo-
nents which are of a reliable, efficient and fast opera-
tion. The circuit thus provided eliminates the hazards
and risk situations related to the existence of a high open
circuit voltage and that without disturbing the correct
welding operation or process despite a modification in
the power supply source due to the use of an add-on
control circuit. |

A further feature of the present invention is to pro-
vide a circuit which is capable of controlling the power
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supplied to the electrode whether that power is derived
from a direct current source or from an alternating
current source. Moreover, the control circuit may be
adapted to any available power supply or may be in-
serted in series between the power supply output and
the electrode.

According to the above features, from a broad aspect,
there 1s provided a control circuit for controlling the
power supply to a shielded electrode of the type used in
shielded metal arc welding process (SMAW) whereby
to protect the user from electric shocks. The control
circuit comprises a measuring device for determining
the level value of the dynamic impedance appearing
between the electrode and a workpiece. A power feed-
Ing device iIs connected in series between the power
supply and the electrode, in normal working conditions.
The power feeding device is controlled by the impe-
dance measuring device so as to render the power feed-
ing device conductive when the dynamic impedance
value detected by the measuring device is lower than a
predetermined threshold impedance value, thereby to
supply power to the electrode. This predetermined
threshold impedance value is set at about 500 ohms
whereby a wet human body will not be subjected to an
electrical shock by contacting the electrode and the
workpiece simultaneously.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention will
be described hereinafter with reference to the accompa-
nying drawings, in which:

FIG. 1 1s a schematic diagram showing the control
circuit in accordance with the present invention where
a DC power supply is used;

FIG. 2 1s a block diagram illustrating the control
circuit with an AC power supply; and

FI1G. 3 1s a block diagram illustrating a modified
embodiment of the control circuit with an AC power

supply.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Before describing the various Figures of the draw-
ings, we will describe the factors associated with the
electric shock hazards encountered by welders during
electric arc welding operations. Particular emphasis is
placed on the factors prevailing when the welding oper-
ation 1s performed in damp environment.

It 1s well known that the intensity of the current that
flows through the human body is the predominant fac-
tor which determines the severity of electric shocks.
The effects of such a current may be considered more
or less dangerous in accordance with its frequency and
its duration, alternating currents being the most danger-
ous. It 1s generally known and accepted that an alternat-
ing current of approximately 100 mA is usually deadly,
a current of about 16 mA produces a loss of control, and
that the current ranging from 1 to 2 mA is considered as
an acceptable pain level. That acceptable pain level is
that which is to be considered the maximum permissible
level of the supply control circuit of the present inven-
tion in order to avoid any unpleasant electrical shocks
to welders.

The determination of the permissible voltage applica- .
ble to certain parts of the human body, as a function of
the desired current level, requires a determination of the
resistance of those certain parts. It is known that the
minimum resistance of the human body, when the skin
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1s wet or moist exceeds 2 k ohms (when current flows
through two layers of skin), particularly due to the
resistance of the skin itself, However, where the skin is
partly destroyed that resistance may reach a value as

low as 1 k ohm, which explains the occurrence of fatal
electric shocks at a voltage of 110 volts AC. With nor-
mally wet skin, then the voltage at the electrode should

not exceed 2 volts so as to avoid the application of a
current higher than 1 mA.

On the other hand, from experiments made on the
behaviour of the impedance between the electrode tip
and the plate or a metal piece to be welded, it has been
found that the resistance never falls below 6.41 k ohms
whenever the flux at the electrode tip remains unbro-
ken. However, as soon as that flux 1s cut off from the
electrode tip, the resistance falls close to 0 ohms, at least
for a short period of time, whether the metal piece is
rusted or unrusted. Since it is usual for welders to fre-
quently break the flux at the electrode tip, it is therefore
noted that the latter resistance value 1s far from the
measured value of the human skin impedance.

In the instant case, the operation principle of the
circuit for controlling the power supplied to the elec-
trode resides in continuously measuring the dynamic
impedance of the electrode-workpiece assembly and,
considering the skin impedance in the worst conditions,
that 1s in damp environments. The circuit of the present
invention automatically and quickly triggers a device
mounted in series between the power supply and the
electrode so as to eliminate or to reduce drastically
electric shock hazards for welders using electric arc
welding devices. To optimize safety, the impedance
threshold has been set at 500 ohms since the latter value
is far lower than that of the minimum resistance of the
skin in damp environment, but far higher than the elec-
trode workpiece resistance as mentioned above. The
chosen value allows the conception of a circuit having
a low welding starting time and which is not subjected
to false startings even with slow starting type electrode
and no electric shock occurs when, for example, the
welder has one hand in contact with the electrode tip
and the other hand is touching the plate, even if the
hands are wet or moist.

Referring now to FIG. 1, there is shown an embodi-
ment of the control circuit incorporating the basic oper-
ating principle of the present invention. It is to be noted
that the control circuit may be directly incorporated
into the power supply of the welding machine or be
connected in series between the power supply output
and the shielded welding electrode. As shown, the con-
trol circuit is connected to a DC power supply device
and when actuated, serves to supply the power to the
welding device. On the other hand, when not triggered,
the power feeding device acts as an open switch be-
tween the electrode of the welding device and power
supply to prevent any power transfer.

That power feeding device comprises an opto-cou-
pler OC1 provided with a light emitting diode which,
when conductive renders transistor Q2 operative. The
transistor Q2 is connected to the gate of a silicon con-
trolled rectifier SCR2 (a thyristor) which in turn deliv-
ers a signal to the gate of a main silicon controlled recti-
fier SCR1. The circuit is thus closed and the welding
electrode is fed to a voltage by means of the DC power
supply of the welding device. Conversely, when no
current flows through the light emitting diode of the
opto-coupler OC1, SCR1 and SCR2 as well as transis-
tor Q2 are non-conductive and therefore no voltage
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appears at the welding electrode tip. The power feeding
device is actuated when the impedance between the
electrode and the workpiece is lower than a threshold
impedance, the value of which has been set at 500 ohms.

On the other hand, 1n order to measure the actual
impedance between the electrode tip and the grounded
workpiece to be welded, a voltage has to be applied at

the electrode tip when the power feeding device is
opened. Therefore, there is provided a high impedance
voltage source which is derived from the power supply
of the welding device through diode D1 and resistances
RS and R6. Capacitor C1 is used to filter that voltage
whereas diode D2 limits the latter to a maximum value
of 12 volts. Resistance R6 serves to limit the current
therethrough to a value of about 0.3 mA, which corre-
sponds to a safe and harmless current level if it happens
to flow through the human body, as explained above.

The control circuit further includes a detection de-
vice which measures the voltage applied to the elec-
trode tip from the high impedance source and which
compares that voltage to a reference voltage equivalent
to that which would be measured at point TP*“B” if a
resistance equal to or less than 500 ohms was connected
to the electrode tip. Such detector devie is made up of
resistance R7, capacitor C2 connected in parallel with
resistance R8 and diode D3 as well as amplifier A1 and
resistances R9, R10 and R11. When the electrode tip is
not positioned 1n contact with the workpiece, the elec-
trode 1s then supplied with a voltage of 12 volts, which
corresponds to a voltage of 89 mV applied across the
negative input of amplifier A1 and that same voltage
appears at the positive input of Al. The output of ampli-
fier Al is then negatively biased and thyristor SCR1
remains nonconductive. Similarly, if the welder hap-
pens to touch the electrode tip, since his skin resistance
is rather high, as mentioned previously, the output of
amplifier A1 will remain negative and thyristor SCR1
nonconductive. However, as soon as the electrode tip
hits the workpiece, which is grounded, the resistance
value decreases below 500 ohms and the output voltage
from amplifier A1 becomes positive thereby actuating a
driver device which feeds the light emitting diode of
opto-coupler OC1 which is then turned on to fire thy-
ristor SCR1. The starting voltage is then applied to the
welding electrode to produce the required electric arc.

Diode D4, capacitor C3 and resistance R12 form a
stretcher circuit for improving the firing efficiency of
thyristor SCR1, which s especially useful when the
electrode tip bounces against the workpiece or when a
slow starting type electrode is used. |

Switch SW1 is provided to check the reliability of the
circuit without having to fire thyristor SCR1. At the
test position, no current flows to the light emitting
diode of the opto-coupler OC1 but the light emitting
diode DS is energized to indicate whether the circuit
operates properly or not. At the “ON” position, the
opto-coupler OC1 light emitting diode is excited when
actuated by a proper voltage. On the other hand, the
light emitting diode D6 merely acts as a visual light
indicator.

The control circuit described above is designed for
use with a welding device equipped with a DC power
supply. However, it is possible to modify the control
circuit to adapt it to an AC power supply. In that case,
the detection device as well as the driver device do not
require any modification, but the high impedance volt-
age source has to be slightly modified in order to have
it floating with respect to the welding machine.
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FIG. 2 shows a modified circuit configuration of the
power feeding circuit when used in connection with an
AC power supply. In this case, a second feeding circuit
DA’ i1s added in parallel with the first feeding circuit
DA, but 1 opposite directions since the light emitting
diodes L1 and L.2 of the respective opto-couplers are
serially mounted.

FI1G. 3 illustrates a first circuit configuration of the
power feeding device provided with an AC power
supply. In this case, the power feeding device is merely
connected to each of the opposite intersection points of
a diode bndge made up of diodes D7 to D10, as shown.

The above-described open voltage control circuit has
been tested, particularly with shielded-type electrodes,
~and has demonstrated high efficiency and reliability in
eliminating electric shocks to welders, particularly
when the electric arc welding operation is effected in
damp environments. It is understood that obvious modi-
fications may be made to the illustrated circuits, and any
such obvious modifications are considered as an integral
part of the present invention provided they fall within
the scope of the appended claims. |

We claim:

1. A circuit for controlling the power supply to a
shielded electrode of the type used in a shielded metal
arc welding process (SMAW) whereby to protect a
user from electric shocks, said circuit comprising a
measuring circuit for determining the dynamic impe-
dance value between said electrode and a workpiece to
be welded; and a power feeding device connected in
series with said power supply and said electrode, the
power feeding device being controlled by said impe-
dance measuring devie so as to render conductive said
- power feeding device when the dynamic impedance
value detected by said measuring device reaches a level
value lower than a predetermined threshold impedance
value for delivering power to said electrode, said prede-
termined threshold impedance value being set at about
500 ohms whereby a wet human body will not be sub-
Jected to an electrical shock when the body contacts the
electrode and the workpiece simultaneously.

2. A control circuit as claimed in claim 1, wherein
said power supply comprises a DC current source and
said power feeding circuit includes a semi-conductor
provided with a control gate, said semi-conductor being
directly connected between said power supply and said
welding electrode, said semi-conductor being rendered
conductive by a signal on said control gate initiated by
sald measuring circuit.

3. A control circuit as claimed in claim 2, wherein
said semi-conductor is a power thyristor.

4. A control circuit as claimed in claim 2, wherein
said measuring circuit includes a firing circuit for said
semi-conductor gate.

5. A control circuit as claimed in claim 4, wherein
said firing circuit is controlled by said measuring circuit
and includes a driver device for the firing circuit for
firing same when the impedance between said electrode
and said workpiece is below said threshold impedance.

6. A control circuit as claimed in claim 5, wherein
said firing circuit includes an opto-coupler element

provided with a light emitting diode, said firing circuit 60

becoming operative when a current generated by said
driver circuit of said measuring circuit flows through
said diode.

7. A control circuit as claimed in claim 6, wherein
said measuring circuit includes a pulse stretcher for
maintaining actuated said driver device of said firing
circuit when the measured impedance between the elec-
trode and the workpiece is lower than said threshold
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impedance so as to start the electric arc when a slow
starting electrode is used.

8. A control circuit as claimed in claim 1, wherein
sald measuring circuit includes a high impedance volt-
age source applying a low voltage to the electrode tip
when 1 open circuit, said applied low voltage being
lower than that necessary to cause an electric shock to
a user of said electrode.

9. A control circuit as claimed in claim 1, wherein
said power supply comprises an AC current source and
wherein there are two of said power feeding device
connected 1n parallel, each power feeding device hav-
Ing a semi-conductor, said semi-conductor of one of said
device being mounted in an opposite direction to the
other semi-conductor, each semi-conductor having a
control gate and rendered conductive by a signal ap-
phied to said gate by said measuring circuit.

- 10. A control circuit as claimed in claim 9, wherein
said semi-conductors are power thyristors.

11. A control circuit as claimed in claim 9, wherein
each semi-conductor of the power feeding device in-
ciudes a circuit for respectively firing the gate elec-
trode.

12. A control circuit as claimed in claim 11, wherein
the firing circuits are controlled by means of a driver
circuit incorporated in said measuring circuit for firing
the respective gate control electrodes when the impe-
dance between said electrode and the workpiece is
lower than said threshold impedance.

13. A control circuit as claimed in claim 12, wherein
each firing circuit includes an opto-coupler element
having a hight emitting diode, each firing circuit becom-
Ing operative when a current is generated by said driver
circuit flowing through their respective diode.

14. A circuit for controlling the power supplied to a
shielded electrode of the type as used in shielded metal
arc welding process (SMAW) whereby to protect a
user from electric shocks, said circuit comprising a high
impedance voltage source applied to said electrode; a
detection circuit for determining the dynamic impe-
dance value existing between said electrode and a work-
piece for comparing said impedance to a predetermined
threshold impedance value and for generating a control
signal when the detected impedance is lower than said
threshold 1mpedance; a driver circuit operative upon
receiving said control signal, a power feeding device
including at least one thyristor and mounted in series
between said power supply and said electrode, said
thyristor being fired by said driver circuit when the
latter 1s energized, said predetermined threshold impe-
dance value being set at about 500 ohms whereby a wet
human body will not be subjected to an electrical shock
by contacting the electrode and the workpiece simulta-
neously.

15. A control circuit as claimed in claim 14, wherein
the power supply comprises a DC source and wherein
said power feeding device includes a firing circuit in-
corporating an opto-coupler element provided with a
hght emitting diode, said diode rendering operative the
opto-coupler element for firing the thyristor when a
current generated from said driver circuit is applied
thereacross.

16. A control circuit as claimed in claim 14, wherein
said power supply comprises an AC source and wherein
said power feeding device includes two thyristors
mounted in opposite directions, each thyristor being
respectively connected to a firing circuit energized by

said driver circuit.
¥ E - ¥k x
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